Cornuside is a bisiridoid glucoside compound isolated from the fruit of Cornus officinalis SIEB. et ZUCC. The present study was designed to examine the effects of cornuside on expression levels of cytokine-induced proinflammatory and adhesion molecules in the human umbilical vein endothelial cells (HUVECs). Cornuside treatment attenuated tumor necrosis factor-a a (TNF-a a)-induced nuclear factor-kappa B (NF-k kB) p65 translocation in HUVECs. In addition, cornuside suppressed the expression levels of endothelial cell adhesion molecules including intercellular adhesion molecule-1 (ICAM-1) and vascular cell adhesion molecule-1 (VCAM-1) induced by TNF-a a. TNF-a a-induced monocyte chemoattractant protein 1 (MCP-1) expression was also attenuated by treatment of cornuside. These inhibitory effects of cornuside on proinflammatory and adhesion molecules were not due to decreased HUVEC viability as assessed by MTT test. Taken together, the present study suggests that cornuside suppresses expression levels of cytokine-induced proinflammatory and adhesion molecules in the human endothelial cells. 
Endothelial dysfunctions are closely related with vascular inflammatory process may represent an early stage of vasculopathy that can lead to atherosclerotic cardiovascular disorders. 1) Vascular inflammation is caused by increase in leukocyte-endothelium adhesion via an up-regulation of endothelial cell adhesion molecules including intercellular adhesion molecule-1 (ICAM-1) and vascular cell adhesion molecule-1 (VCAM-1) and proinflammatory factor like monocyte chemoattractant protein 1 (MCP-1), which are induced by activation of nuclear factor-kappa B (NF-kB).
2) Under these conditions, numerous leukocytes adhere to vascular endothelium, transmigrate to the endothelium, and aggravate endothelial dysfunction and tissue injury. 3) While conducting an in vitro screening of active components isolated from Korean medicinal plants, cornuside suppressed the expression of NF-kB in HUVECs. Cornuside is a bisiridoid glucoside compound isolated from the fruit of Cornus officinalis SIEB. et ZUCC. (Cornaceae), which is a traditional Oriental medicine possessing the effects of curing inflammatory diseases and invigorating blood circulation. 4, 5) Several pharmacological actions such as anti-neoplasm, antiinflammation, hepatoprotection, and anti-diabetic nephropathy were elucidated from the crude extract of fruit of C. officinalis. 6, 7) However, there is little information about the pharmacological action of cornuside. The present study, therefore, was designed to examine the effects of cornuside on the expression levels of cytokine-induced proinflammatory and adhesion molecules, which could account for its beneficial effect in the cardiovascular system. C-NMR) with those reported in the literature. 5, 8) Cell Culture Human umbilical vein endothelial cells (HUVECs) were isolated as described previously.
MATERIALS AND METHODS

Plant Material and Isolation of Cornuside
9) The cells were grown in a gelatin-coated 75-cm 2 flask in RPMI-1640 (GIBCO-BRL, Eggenstein, Germany) containing 10% fetal bovine serum (FBS), 100 units/ml penicillin, 100 mg/ml streptomycin, and 5 units/ml heparin at 37°C under 5% CO 2 and 95% air. The cells used in this study were between passages 3 to 6. Cells grew to confluence in about 2 d. Cells were then serially passaged with 0.25% trypsin/1 mM EDTA (GIBCO-BRL).
Cell Viability Assay Using MTT The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) assay 10) was used to measure cell viability. Briefly, endothelial cells were seeded onto 96-well culture plate at a density 5ϫ10 4 of cornuside (1ϫ10
Ϫ4 M) for 24 h, each well was washed twice with PBS to remove the medium; then 100 ml of MTT (0.5 mg/ml, Sigma Chemical Co., St. Louis, MO, U.S.A.) was added to each well, and incubation continued at 37°C for additional 4 h. After that, 100 ml of dimethylsulfoxide (DMSO) was added to dissolve MTT, and the absorbance at 530 nm was read on a microplate reader (Bio-Rad, Hercules, CA, U.S.A.). The absorbance was used as a measurement of cell viability, normalized to cells incubated in control medium, which were considered 100% viable.
RNA Isolation and Reverse Transcription-Polymerase Chain Reaction (RT-PCR) Analysis HUVECs (1ϫ10 5 cells/ml) were pretreated with cornuside for 18 h and stimulate with TNF-a for 6 h. Total RNA was extracted according to the manufacturer's instructions. Briefly, Trizol (Sigma, Missouri, U.S.A.) was added to the plates to lyses the cells, and then the cells were transferred to a microcentrifuge tube. Chloroform was added and total RNA was collected in the aqueous phase after centrifugation. Finally, RNA was precipitated by isopropyl alcohol, and then re-dissolved in DEPC treated water. The OD260 and OD260/280 values were measured with a spectrophotometer to determine the RNA concentrations. Reverse transcription was performed at 42°C for 60 min and followed by incubation at 95°C for 5 min. The reaction mixture (50 ml of total volume) consisted of 5 mg of total RNA, 5 mM of MgCl 2 , 10 mM of Tris-HCl, pH 9.0, 50 mM of KCl, 0.1% Triton X-100, 1 mM of dNTP mixtures, 1 units/ml recombinant RNasin ribonuclese inhibitor, 15 U/mg of avian myeloblastosis virus (AMV) reverse transcriptase and 0.5 mg of oligo(dT) 18 primer. cDNA samples were analyzed for the specific cDNA of VCAM-1, ICAM-1, MCP-1, and GAPDH by PCR amplification using specific primers (Table 1 ). 5 ml of cDNA was added to 50 ml of PCR mixture containing 33.5 ml of H 2 O, 1 ml of 5Ј primer (10 pM), 1 ml of 3Ј primers, 2 ml of dNTPs (2.5 mM), 5 ml of 10ϫPCR buffer (the final Mg 2ϩ ), 0.5 ml of Taq DNA polymerase (5 U/ml). The following conditions were used for PCR amplification: 35 cyclesϫ1 min 94°C, 1 min at 62°C, and 1 min at 72°C for VCAM-1; 30 cyclesϫ1 min 94°C, 1 min at 64°C, and 1 min at 72°C for ICAM-1; 30 cyclesϫ30 s 94°C, 30 s at 60°C, and 30 s at 72°C for MCP-1; 35 cyclesϫ1 min 94°C, 1 min at 55°C, and 1 min at 72°C for GAPDH. 15 ml of PCR product from each sample were electrophoresed on a 1.2% agarose gel containing 0.5 mg/ml ethidium bromide. Gels were visualized and photographed by a Chemi-Doc image analyzer (Bio-Rad, Hercules, CA, U.S.A.). The housekeeping gene GAPDH was used for normalization. The ratios of the emissions incorporated into the PCR products of the tested gene to the GAPDH products were calculated to evaluate relative changes in the mRNA expression levels of the tested genes.
Preparation of Nuclear Extracts and Western Blot Analysis HUVECs (1ϫ10 6 cells/ml) were pretreated with cornuside for 18 h and stimulate with TNF-a for 6 h. After treatment, HUVECs were washed twice with ice-cold PBS and scraped in 1 ml of the same buffer. After centrifugation at 13000 rpm, the cell pellet was suspended in ice-cold hypotonic lysis buffer (10 mmol/l HEPES pH, 1.5 mmol/l MgCl 2 , 0.2 mmol/l KCl 0.2 mmol/l phenylmethylsulphonylfluoride, 0.5 mmol/l dithothreitol), vortexed for 10 s and then centrifuged at 13000 rpm for 5 min. The packed cells were suspended in ice-cold hypotonic lysis buffer in the presence of 50 ml of 10% Nonidet P-40 and then kept on ice for 25 min. The nuclear fraction was precipitated by centrifugation at 13000 rpm for 15 min. The supernatants, corresponding to the cytosolic fraction, were transferred to fresh tubes and assayed for protein content by the Bradford method.
15) The nuclei pellet was resuspened in 50-100 ml of low salt extraction buffer (20 mmol/l HEPES pH 7.9, 1.5 mmol/l MgCl 2 , 25% glycerol, 20 mmol/l KCl 0.2 mmol/l, EDTA 0.2 mmol/l phenylmethylsulphonylfluoride, 0.5 mmol/l dithothreitol) and added to an equal volume of high salt extraction buffer (20 mmol/l HEPES pH 7.9, 1.5 mmol/l MgCl 2 , 25% glycerol, 80 mmol/l KCl 0.2 mmol/l EDTA 0.2 mmol/l phenylmethylsulphonylfluoride, 0.5 mmol/l dithothreitol) in a dropwise fashion, and then incubated under continuous shaking at 4°C for 45 min. The sample was centrifuged for 20 min at 13000 rpm. The nuclear extract was aliquoted and store at Ϫ80°C. Protein samples (50 mg) were electrophoretically fractionated with a discontinuous system consisting of 10% polyacrylamide resolving gels and 5% stacking gels, and then transferred to nitrocellulose membranes (Amersham, Buckinghamshire, England) at 20 V and 100 mA (current constant) overnight. The membranes were washed, blocked, and then incubated with primary antibodies (1 : 2000 dilution) against NF-kB p65 and b-actin proteins (Santa Cruz Biotechnology, U.S.A.), respectively. The bound horseradish peroxidase-conjugated secondary antibody was detected by an enhanced chemiluminescence (Amersham, Buckingghamshire, England) procedure. Protein expression levels were determined by analyzing the signals captured on the nitrocellulose membranes (Amersham, Buckinghamshire, England) using a Chemi-Doc image analyzer (Bio-Rad, Hercules, CA, U.S.A.). 
RESULTS
Effects of Cornuside on the TNF-a a-Induced NF-k kB Activation in HUVECs
To study the effect of cornuside on TNF-a-induced NF-kB activation in HUVECs, Western blot analysis of the nuclear fraction of cell lysates was performed. As shown in Fig. 2 , the translocation of NF-kB in the nuclear fractions of HUVECs was increased by treatment with TNF-a (10 ng/ml). However, pretreatment of HUVECs -CCCTTGACCGGCTGGAGATT-3Ј  241  11  5Ј-CTGGGGGCAACATTGACATAAAGTG-3Ј  ICAM-1  5Ј-CAGTGACCATCTACAGCTTTCCGG-3Ј  555  12  5Ј-GCTGCTACCACAGTGATGATGACAA-3Ј  MCP-1  5Ј-ATGAAAGTCTCTGCCGCC-3Ј  290  13  5Ј-TTGCTTGTCCAGGTGGTC-3Ј  GAPDH  5Ј-TCATTGACCTCAACTACATG-3Ј  460  14  5Ј-CAAAGTTGTCATGGATGACC-3Ј with cornuside attenuated TNF-a-induced nuclear NF-kB expression by HUVECs in a dose-dependent manner (Fig. 2) .
Effects of Cornuside on the Expression Levels of TNFa a-Induced MCP-1, ICAM-1, and VCAM-1 in HUVECs
The expression level of MCP-1 in HUVECs, determined by RT-PCR, was also augmented by treatment with TNF-a. Pretreatment of HUVECs with cornuside blocked a TNF-ainduced increase of MCP-1 expression (Fig. 3) . TNF-ainduced expression levels of VCAM-1 and ICAM-1 in HUVECs were also attenuated by pre-treating with cornuside (Fig. 3) .
Effects of Cornuside on HUVEC Cell Viability To evaluate whether the inhibitory actions of cornuside on NFkB activation, expressions of MCP-1, ICAM-1, and VCAM-1 were due to due to decreased HUVEC viability, effect of cornuside cell viability was assessed using MTT assay. As shown in Fig. 4 , there is no significant change in cell viability by treatment with various concentration of cornuside (1ϫ10
DISCUSSION
In the present study, we demonstrated that cornuside treatment blocks NF-kB p65 translocation in HUVECs in a dosedependent manner. NF-kB is a critical signal molecule for the inflammatory process and a ubiquitously expressed multiunit transcription factor that is activated by diverse signals, possibly via phosphorylation of the I-kB subunit and its dissociation from the inactive cytoplasmic complex, followed by translocation of the active dimmer, p50 and p65, to the nucleus. 16, 17) We also demonstrated that cornuside inhibits VCAM-1 and ICAM-1 expressions induced by TNF-a in HUVECs. These adhesion molecules play a critical role in adhesion and recruitment of mononuclear leukocytes during times of vascular inflammation, and have been linked to the early phase of atherosclerosis. 18) Regulation of adhesion molecule expression occurs at the transcriptional level and is mediated via the transcription factor NF-kB. From this point of view, inhibition of adhesion molecule expression by cornuside might due to inhibition of NF-kB activation in HUVECs.
Monocyte chemoattractant protein 1 (MCP-1), a member of the C-C chemokine family, attracts blood monocytes and triggers their adhesiveness and transmigration through the endothelial layer. Because MCP-1 plays a key role in the subendothelial recruitment of monocytes or lymphocytes and plays an essential pathogenic role in the initiation and development of cardiovascular diseases including atherosclerosis, 19) we tested whether cornuside modulates the expression level of MCP-1 in cultured HUVECs. Treatment of HUVECs with cornuside blocked a TNF-a-induced increase in MCP-1 expression.
The MTT assay was based on the capacity of mitichondrial enzymes to transform MTT to MTT fromazin. The amount of formazin production is proportional to the number of cells present. Therefore, the MTT assay indirectly measures the live cell number and proliferation over time. 20) In this study, we examined to evaluate whether the inhibitory actions of cornuside on NF-kB activation, expressions of MCP-1, ICAM-1, and VCAM-1 were due to due to decreased HUVEC viability, effect of cornuside cell viability was assessed using MTT assay. As a result, there is no significant change in cell viability by treatment with ten times higher concentration of cornuside used in this study.
In summary, cornuside treatment suppresses a TNF-a-induced increases of proinflammatory and adhesion molecules in HUVECs, suggesting that cornuside could suppress the vascular inflammatory process in human endothelial layer. 
